The study investigated the effects of fear on collective escape from a computer simulated maze. TV monitors watched by subjects did not present a bird's eye view of the maze, but rather what they would see if they were actually inside the maze.
Spontaneous group behavior in an emergency situation is frequently in conflict with what would be cosidered an optimal course of action. For example, instead of utilizing all available exits, people evacuating a threatened building crowd around only a few.
In a number of cases, this tendency has taken its toll in lives. A fire in the Iroquois theater in 1903 cost approximately 600 lives because everyone in the building rushed to a few crowded exits and could not escape (Perry & Pugh, 1978) . In the Cocoanut Grove Night Club fire in Boston in 1942, 448 people died because they jammed the exits (Veltfort & Lee, 1943) . More recently, a fire in the cabaret named Play Town in the Sennichmae Building in Osaka, Japan in 1972 led to a high death toll because people rushed to only a few of the available exits (Abe, 1974) .
These tragedies suggest that some emergency situations may produce competitive behaviors whereby individuals are motivated purely by the motives of their own survival without concern for the fate of others (Brown, 1954 ; Quarantelli, 1979) .
It is also possible that the emtional arousal experienced by people caught in emergency situations interferes with optimal decision making. At a loss for how to proceed, people may look to others for clues concerning the best path to choose.
Several studies have shown that in threatening situations, when the course of action is not obvious, people tend to follow one another (Abe, 1974 ; Darley, 1966 ; Kugihara, 1984 Kugihara, , 1989 . This tendency to follow others in a fearful situation is likely to lead to a jam at a single exit, rather than dispersion to several different exits.
Another factor that could contribute to jammed exits in an emergency situation is that fear might lead individuals to persevere in one behavior pattern. Individuals repetitively attempt to move in a given direction, even though these efforts prove fruitless. These phenomenon may be instances of a more general tendency to fixate Collective Escaping Behavior in an Emergency under fear. Maier (1949) showed that when faced with insoluble problems, animals show rigidity or abnormal fixation of behavior. Imada (1975) also reported fixated behavior in rats exposed to severe electric shock. Compared to rats exposed to lower shock levels, those receiving severe shock repeatedly jumped in the same direction to escape the shock, even though movement in any direction could lead to escape. With human subjects, Kugihara (1985 Kugihara ( , 1989 ) created an emergency situation where there were five equally available exits.
He investigated the effect of fear induced by an ostensible threat of electric shock on choosing an exit.
Results showed that frightened subjects tried repeatedly to escape through the same route, in spite of the fact that there were other outlets available.
Several laboratory experiments have attempted to reproduce emergency situations to examine collective escape behavior. Most of this research has focused on the effects that emotional arounal, namely fear, has on escape patterns. In an early study by Mintz (1951) , subjects were required to remove from a bottle objects attached to a string.
Because the neck of the bottle was narrow, only one object could be removed at one time. In contrast to Kelley et al. (1965) , by setting up almost the same situation as the Mintz's experiment, Schultz (1966) showed that the degree of jam was actually lower when fear induced by electric shock was present than when it was absent.
Schultz contended that in the fear condition subjects grasped the severity of the situation and behaved conservatively.
As this review demonstrates, the few studies conducted to date on the relationship between fear and escape behavior have failed to show consistent results. The major purpose of the present study is to examine this relationship with an experimental procedure that realistically portrays a disaster situation.
In the experiments described above, subjects were able to observe the behavior of others. Thus, they were able to quickly grasp the impact of their behavior on others and they were keenly aware that their own behavior was observed by others. In these kinds of situations, subjects might find it difficult to behave in a selfserving fashion. In a real disaster, however, an individual's field of vision may be limited. Therefore, it may be difficult for individuals to see the impact of their own behavior on others.
In addition, personal actions are somewhat anonymous.
In the present study, subjects were required to escape from a maze in which others could be observed only when they shared the same passageway of the maze. Fear was induced through instructions that led some subjects to believe that they would receive painful electric shock if they did not exit the maze quickly. It was predicted that, compared to subjects in the nonfear control condition, subjects in the fear condition would spend more time in the maze in spite of moving at a faster pace, and would travel a longer distance before escaping from the maze. These subjects were also expected to spend more time involved in a jam. In addition, it was predicted that the order of escape would interact with fear, such that fear would have it's greatest effect on subjects who escaped from the maze last. Strauss (1944) by an arrow that pointed upward if the movement of this other subject was in the same direction as the subject himself was moving, and pointed downward if the subjects were moving in the opposite direction.
The length of the bar indicated how far away other subjects were ; as a subject got closer to another subject the bar got longer. Movement of another subject to the right or to the left was indicated by an arrow pointing in the direction of that subject's movement. The statement, "Someone is just behind you.", was flashed on the screen whenever a subject was approached from behind.
Lines indicating the presence of others were only presented when subjects were in the same corridor.
If a wall separated subjects, they could not see each other.
Subjects could control their movement within The length of the bar corresponds to the distance between the subject and the other subjects.
The direction of the arrow corresponds to the other subjects' direction) the maze by pushing or pulling the vertical control stick in direction labeled "backward", "turn right", and "turn left". Movement was produced by pressing the button on the control panel eight times. This moved the subject one block of the maze (the maze consisted of 93 blocks). To change direction, a subject had to first use the stick to choose a direction, and then press the button to move. Each subject's movements were recorded in a central computer.
The following additional constraints were imposed on the situation. Only one subject could occupy a particular position in the maze at any one time, and the passageways of the maze were too narrow for subjects to pass one another. Thus, subjects could not pass each other in the maze. 
Procedure
Subjects were seated in one of the six booths, from which they were unable to see the other five subjects. It was explained that the purpose of the experiment was to examine behavior in an emergency situation such as a fire or an earthquake. At this point, subjects in the fear condition were asked if they would agree to receive electric shock. Before the experimental trials began, subjects were taken through a practice trial during which they were instructed in how to use their control instruments to progress through the maze. In addition, various aspects of the maze were described, including dead-ends, T-shaped passage, the exit, and the arrow indicating the presence of others. Subjects were informed of their inability to pass others in the maze and of the likelihood that a jam would occur if more than one subject tried to occupy the same position in the maze.
Subjects in the fear condition were told that to the longer it took to escape, the greater the shock.
Subjects were also told that the electric shock would be given to simulate a situation where someone was killed or injured because of a disaster such as a fire. An 80 volt sample shock was administered for a moment from the medical instrument for treating stiffness of the shoulders through electrodes attached to the second and third fingers of the left hand. Subjects were then told that the electric shock given after the three trials in the maze would be more than five times greater than this, causing a considerably stronger and unpleasant sensation.
Subjects in the nonfear condition were simply told that the purpose of the experiment was to simulate a real-life disaster situation, such as a fire or an earthquake. No instructions concerning electric shock were given.
Each of the three trials consisted of a 30 minute time period during which the subjects attempted to escape from the maze. During each trial the room was darkened.
To inform subjects of a time elapsed, the synthesizer's sound coming through the subjects' headphone become increasingly higher as each session progressed.
Dependent measures
At the end of the third session, subjects completed a questionnaire asking them to rate on a 5-point scale how fearful and disturbed they felt during the trials, how nervous they were about the movements of others, and how difficult they judged the maze to be.
A central computer recorded the distance (in blocks) each subject moved during each trial, the speed at which subjects traveled through the maze, the amount of time spend in the maze, and the amount of time spend in a jam. The difference in speed of locomotion demonstrates that motivation toward early escape was greater in the fear condition than in the nonfear condition.
RESULTS

Manipulation checks
In spite of the fact that the locomotion speed was higher in the fear condition than in the nonfear condition, it was also found that escape time for subjects was longer in the fear condition than in the nonfear condition. It appears that one cause of these effects was that fearful subjects were apt to be involved in the jams, and once this occurred, they could no extricate themselves as easily as those in nonfear condition. The second reason may be due to the fixation of fearful subjects to a certain area within the maze. That is to say, fear produces impatience, which in turn degrades decision making. As a result, subjects tend to go around and around in the same area of the maze at high speed.
The places where a jam was apt to break out most frequently were in corners from which dead-ends were five blocks away (i. e., A, B, C, and D of Figure 2 ). From these places, subjects could not judge whether the dead-ends existed in front of them, because they could not see the front wall of the dead-end. If subjects could have moved one block further in the direction of the dead-end, they could have seen the front wall and therefore could have identified the dead-end in front of them.
Generally, subjects who arrived in these corners tended to proceed to the dead-end. But unfortunately, in the case where another subjects backtracked from the dead-end, they were apt to bump against each other and could not move at all.
They then tried to push away each other in order to move from their position. Soon, other subjects who followed these two subjects arrived in this area and participated in the jam one after the other. The analysis of the item on nervousness about other's movement in the questionnaire indicated that the tendency to follow others was greater in the fear than in the nonfear condition.
A subject who was sandwiched between others could not move forward or backward. The subject turned around and around frantically because he or she was at a loss for what to do. Moreover, a subject who followed others involved in the jam became irritated because these others did not move forward and because there was no information why this was so. This is supported by the finding that fearful subjects reported being more disturbed by others' behavior than were nonfearful subjects.
For a while almost all subjects gathered in a certain corner and struggled. After a while, a subject who stood in the tail of jam group gave up following others, and ceased movement toward the dead-end. Then the subject began to go in the opposite direction. After that, others followed.
Consequently, the jam group disappeared gradually, but reappeared in another corner where subjects concentrated.
In the fear condition, the same type of phenomenon as mentioned above occurred repeatedly.
On the other hand, in the nonfear condition, a jam occurrence was relatively rare. If a subject could think and behave rationally, he could soon understand that the behavior of others is important information.
If a person in front of a subject turned back, the subject might become aware that a dead-end existed in front of him.
In this study, fixated behavior was shown to be greater in the fear condition than in the nonfear condition. Subjects in the fear condition had a tendency to go around and around in the same area within the maze. Figures 3 and 4 show this phenomenon clearly. The locomotion distance and the time subjects took to reach the exit were greatest in the fear condition. It seems that to grasp the entire shape of the maze was more difficult for subjects in the fear condition than in the nonfear condition because of the long locomotion distance and the long locomotion time subjects took to reach the exit and because of high frequency and length of jam situations in the fear condition.
So, as shown in the Figure 3 , it is also evident that subjects in the fear condition were inferior to subjects in the nonfear condition. The questionnaire analysis concerning the feeling of maze difficulty also showed a significant difference between the fear condition and the nonfear condition.
Furthermore, such a phenomenon as mentioned above was prominent especially for subjects who escaped later in the fear condition. That is to say, while the locomotion distance of first escaped subject was almost the same in both conditions (i.
e., fear and nonfear condition), the distance traveled by the last escaped subject varied by condition. According to these result, it is likely that fear magnified individual differences. There is a related network model which uses graph theory (Yoshimura, 1988 (Received Aug. 30, 1991 ; Accepted Nov. 22, 1991) 
